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^^1i i^^T- ^«Ji^ C(OmpC), 4^S.^ S^fl 



c -1^ sg^^pj c placKSCi2] 

]^ 2^ pT7KSCi^] -a-^^l-^lJ^c,]!:]-. 

c 3^ pT7KSC-H6, pT7KSC-H12 ^ pT7KSC-H185l ^^7.} 

c pT7KSC-H6, pT7KSC-H12 ^ pT7KSC-H18^S ^^"S^^ ^^^^ ^"^^^ f\E.^ ^^^^ 

^ 5^ pT7KSC-GFP5] 

:£ 6a^ ^^ajE^ pT7KSC-GFP^S UV5><H]A^ ^'Sfb^^'^l^. 

£ 7^ ^ll^^i- placKSC- Iip5] -^-^^1- ^iS^jr]-. 



^ ^ Jl'^>€ ^S^asf E)3] Salmonlla typhi muri urn )<AV^ 4^ ^«] ^ 

^71 ^-liaa^ w^^fi s.^fl^ 4^5M ^-11^^13^ il-^^S^^ 

1980Vli^l| .yK'l Ai'|A(Smith)4 4^ 4^1 13# sjej-pllEi^ 44^1 (filamentous phage)^ plll4 -§-^^4 

^^^1^ ojf. A] >,tHi(surface- expression system)^] 43'- 444 4, "1^54^2] 4^1 7l4oii i:]]*^ 44 

4 4^5)134 444 4"'1^14 ^^1^^ 4^!^!5^-j,i V! 4^l7l^r ^}LiVl\ Vl s^Ucell surface display) 

^144 ^fls* ^'='>4 ^45iI4. ^I|i'lit4 «^^44 4tfl^^M ii::.!-4 <!4 "1 -3 4S1 it4 4"'!4# S4 £^fl(s 
urface anchoring motif)^ 4-g-4«^i 5]2fl 4«J]4^ ^1^3^ ^4^1 4^^2j^^ ^^4^1^14 -^11^4 44^14. ^^4^ 
4 444^ S4^1 4^11514^4 4^44 «n4<Hl 444 S4<H1 i^en 4«Jj4# ^44^14 444 4^ 4*35]^ 
^4, 444# ^l-g-44 44, 4<a4^ S4<H1 «=^4€ ^ ^4 m 4^14^ 4<^14 '^fl-f ^14s]ji -ic^js 
4^14 $1^, ^4 4^115141: ^l-§-4 ^liS4 ^^4<H1 3^4 444^^1 44 Ji 441: 4sj5U ^4(4^: 
Georgiou, G., etal., Nature Biotechnol., 15:29- 34, 1997). 

444 44J1 ^4 ^4 4tflel4<H14 ^liS4 ^^4# ^^4^^^ ^«S44 ^51144, 44 ^1 

iS4<Hl ^44^1314 44 i^Bfl 4ai4# >Hlsa444 4^^o1t^ a^^^^ ol^4€ ^ ^4 S4 ^4 s^fl 
Ai-i-o] ^^4^13)1, S4 ^^4 £^fl^4 i^efl 4«Jj4# ^liS444 ^^4 ^^ll ^li^4# #41: ^ $1^4 
£4^4 pfl4 s-i:^4 444^ 4<a# 44ji $1^4 4ji, ^li ^^4 S4<H1 4^s]7fl 44€ ^ ^4 42]4a(t 
argetlng signal)!- 44^4 4^, ^44 4 3711- 71-4 jl 44 4«J?4£ 44^1 7>44'^4 4^1, 4# 
4^^2]i^5L 44^14 4 4^4 44. 

4444 1^445] s4 44 £^fl^4 OmpA, OmpS, LamB, OprF, PhoE 44 44 '^i^ 514^ ^7l14ir 4a?4 
ol 4^ ^14^44(4^: Agterberg, M., etal., Gene, 88:37- 45, 1990; Lang, H., efa/., Eur. J. Bacterial., 267: 
163- 170, 2000). oi iqeii 4^144 ^1lia4<^l 444 4^42:'H1 4'?^^l7l ^^4^]^^ a4^1 44^14 44 
444, 4*^4 4 44 4a!45] 3.717]- 4S2ljO^ ^14^^^44(4^: Georgiou, G., etal.. Nature Biotechnol,. 
15:29- 34, 1997). IE4, 4'a4 i^l ell 4^1451 C- 444 N- 44^1 <?J^llB]_o^ 71-4711 ^y^\no\ 43^, 4^1401 
4 ^4^14 4^1451 4^^^^oi -^oi-^cl-. ^^1^ LamB E£4 PhoE 21 ^4 50 44 60/11 ^14^21 4Plii4i^^ ^1 = 
^4 21511 4^144 4'a44, 4^^] ^i*v# 7^4 oi-x^^v nvc]-«jj^^ ^444 44ji, ^^44^1 s4(porin) ^^li 
214 4^1421 ^4, 2l3 15071121 4^12114^^ 4^d4 4a!4ol 44 <H14£^(epitope)4 4^^4 ^^^^(metal 
binding motif) 4<H1 44^1^ 44^44(43: Stahl., S., etal., T rends Biotechnol ., 15:185-192, 1997; Kjaer 
gaad, K., etal., Appl. Environ. Microbiol ., 66:10- 14, 2000). 

^Eijsjc^^ ^v^i a^^jcfl -o 5^71- ^^sisl-ji4 4ir 21511 4^144 44^1^ ^^l±a4^1 44^14 n, 4444 
±a4 44^1 444 444^4 37il Ai 447I- 44: 3i 4^11 4^4 a4 44 3^1121 n- Ei^m^l ^4^1 44^1 
7134 44 21511 4^144 44^1714 4'?13^, 4^^^ili2l ^4<h1 5ll45lp^ t:]1444 44 0.% 4^^44 ^l 
4 7-131^^4 444 4 ^4(43: Gunnerlusson. E., etal., J. Bacteriol., 178:1341- 1346, 1996; Stasuss. A, eta 
I., Mol. Microbiol ., 21:491- 500, 1996; Pozzi, G., etal.. Infect Immun ., 6Q 1 902- 1 907, 1992); 4 47)1 41^4 
^^13X44 44434 44 4«J144 a4 44 3^11^ 4444 4«J14 4^1<H1 444714 43^^] 44(sa 
ndwich fusion) ^'^^s, i:fl45<H]4 441: ^ S1A4, ^^14 44 ^^^4 21 ell 44421 44^1 ^^3, 444 2] 
e|] c]:«jj^ol ^A^^ Aj-^s^i. ;^ 0.7^ 4<a444 44 2]B11 ^4^1321 H47]- 44 4 15071121 4^134 

33 ^14444 4^^! 4 4^14 4^4(43: Agterverg, M., etal. , Gene, 88:37- 45, 199Q; Pallesen, L., MIcrob 



, 141:2839- 2848, 1995; Steidler, L., etal., J. BacterioL, 175:7639- 7643, 1993; Xu, Z., etal. , Applied 
- 5147, 1999; Georgiou, G., etal., Nature B I otechnol., 15:29- 34, 1997; Stahl., S 
., etal., Trends Blotechnol ., 15:185- 192, 1997); ^^^^ it^ IL^^ C- -^^tHl «^^?iSl-Jl4 ^\kr ^ 

^ tHJj^# lE^r C- -^^tV ^^^-i: A]7]m3. 4^ m ^n^^ -§-t(C- terminal deletion fusion)^! 

^^}^] ^^'^l $1^4, 4>i:fl^^^ ^liS'^'Hl S'S S.m ^>^*M ^^«s]7l c^^rj-^ t> 

3LA Sl-TT 51511 tHJj^iSl rcj-e^ ^l^^sqrf. -f i^^aj o.^^ ^^o^ ^l5l£ii(epitope)# ^^liit^^l ^^^^ 

n^"^ «^>^# 4El-^4(%i-^: Nguyen, T. N., etal., Gene .. 128:89- 94, 1993). ^^^^ <^\^A, 4^ 
sr^cfl H^v^Al?] ^-f, o^ei ^gHl-oitrq- ^Jl ^s^*^ ^ ^a^^^: Francisco, J. A. R., 

etal., Proc. Natl. Acad Scl., USA ., 91:10444- 10448, 1993). i^^lS, 

^A^m 4^%^ ^ ^^-IIS ^ H 7>x)7f Pl)-^ feq-Jl 1^ ^ $14(11-^: Charbit, A., etal.. Gene 

., 7Q 181- 189, 1988; Sousa, C, etal., J. Bacterial. , 18Q 2280- 2284, 1998; Richins, R., etal., Nat Biotechn 
o/., 15: 984- 987, 1997). 

o.^]^ 7\<^<^Y^ <^6\7\^ ^51^11: H5l<HliBfl55] ^tlr^lJl, A^^"^^ 7\^^n^ yA^W 

^Jilft(transesterification)*M ^11^^ t^^^l-^ «^>^# ^Il7ll*l-Jl, til^j-'a^]'?! 7l^(unnatural substra 

- ^^11*1-^1311, oieit> 51^1-^1^ ^'^fl^l-g-^ el-^-11^1 ^ 
ty)^ ^<^AA. ^leifb 71-^ 514^11- Saccharom 



yces cerevisiae)2] 
M. etal., J. Bioscience Bio( 

514^1 ^i^l-g-^ ^l-§-SM e^^il^l ^Sj-g-t^ 7lt^^ .^lS5>ir ^'^l iL 

Jisj^cl-. n ^IS^i, ^^ <^=^y\ J7 %U-r ^l-^r- (tax 01)5] C- 13 sIl^^li^^lBi (derivati 

ves of phenylisoserine), yj^^Bll^oic ^o^^liL^ioi (s)_ o| h vii;ll(ibuprofen), Jll-a-^lH^l^l 7^£^l(captop 
ril) ^^^1, ^-^f^ ^ JlfJ^}-xUl4l|9l -iHl^'l-fKdiltiazem) i^llu]- IfiHT] ( /5 - blocker)2l ^^^1, (Roche 

^^^-%:A\ ^X^n. Vl E, ■i'-lfl ^i 41- 5] Si n ■ i^:-^^^] ?ni(chemoenzymatic synthesis)^ -t- ^4 
R. Brieva etal., J. Org. Cham., 58:1068- 1075, 1993; F. X. McConville etal., In Biocatalysis, D. A. Abr 

s catalysis, p.21. Plenum Press, New York; S. B. Desai etal., J. Org. Chem., 61, 1996; S. C. IVIohapatra etal., 
Blotechnol. amp; Bioeng., 64:213- 220, 1999; A. M. McKay, Lett Appl. Microb., 161-6, 1993). 

^1 ^t^S] f-^^i * ^ff^l ^Sj-^H^^^fl-Jt^ ^AnASLS. -S^^>4^ 7l4?(chirotechnology)^l ^o^-^ft 

«^>^5i ^A^^% y^n ^313-. mA'^A a^^sia. 

rcj-s^-A^, mA^ -g-^ltv JL#2^<?1 ^^1 s -^t^^^si ^^si-, aelJi ^AA% ym%^\^ y^AA^] 

ji£ ^^m^^A ^n^v^m] A^y]^^ 7W\^^\ % ^-s.^^^1 s<a^^i ^^siJi ^4. 



^^^1 m:^y\ Shvr 71^^ 4^ 



^1^1, ^ «=^^4#^ ^^i^^ijis ^ti-c-iAj^^fl A\^7]^^ 7m^\3.A <^i5i ^4, ^1^3 

A^&^^] 5l4^1# «^^?i42] ^-f, 514^151 51^4 -g-'^lsrM ^Tflajourn: ^sj-'^l^M^I^ 
^1^%^ ^ #a^i4 ^51151 0mpc# ^^^m S-As. y^^, m 4aj^ol4 ^4^1^^# 

^^liit^^l ^AWyA ^ 3Xkr 7ll^t ^ $1^4, ^^^44 4^3#^14 ^l^i] ^aj^^l il^^S^ 

s. ^4^44 4^3^51 ^^l±jt4^1 44^# 444ji, ^ 4^^4711 5]^4. 

44, 4 4^51 4 4^11 42]4 ^^lita44 ^l^H 4^144 s.^ASl 5L 44^14 44 jt4 44 fi^fl^l c 
- 44^1 444 51511 4^14 44 ^4^4^ 4444 444 m^^m^s] /^lijt4 444 7)1^4 4471-4 444 
4 4^14. 

4 4^51 4 4^fl 42]4 471 711^4 4471-4 i444 ^lSit4 44a!Ei# 4444 4<^14. 
4 4^51 ^^1 m 42]4 44 44aiEiJiL ^4444 ^1^344 A^^l^ 4^14. 

4 4^51 i-il 4^fl 42]4 44 ^4-^^^ ^1^344 '^'l-g-sM ^4^1^^4^111: A^^\^ IJ-'^^ 7114*1-4 4<^14. 



4^5! 4 44 



4 4^51 AlLiL^ 444 4471-ir OmpCSl N- 44^314^^ 54^ ^l^o\] <^1 = 4 4^1 444 4^sl-44 
4471-4 i444. 



^^1 <?>^^5]7fl Jfaj-li ^TT ^a^S(targeting signal)# ^^^iJl ^Jl, e y^jl ^-b 51511 ^^j^i^l ^ii: 

7l-^Sl-7fl SH, <L>^M^i^J£ ^ *>4^ 7H'='l- en, ol5?l- ir^ H^V^i ri^flo] ^^^SLS. 

A] vflg^cflA^ 0.5,^^^ /-Hii^Hl- cHJj^ C(OmpC)# 

^aj^(major porin protein)'?! ^1^5]^^ ^i^]^ C5] ^-f, 2l7l]i2] ^^1^1^ a]<^^ 367 
711 '='Mii^>i^^ ^^^sjc^ ^i^pl, /-IliiqHi- nHJjll F(OmpF)ii^ til:^ wfl^N^^l ^i-^<?j-(osmolarity)^l «^>^SM 
flSlTT t^aj^^^i, 10 5 711^ ^7.}7} ^^SLS. ^m^rr 7-11^51 Hi- i=t«Jj ^^1 Mi 

zuno, T., eta/., J. Biol. Chem., 258:6932- 6940, 1983). 

^-lliiqHi- Ci2l ^-lliHi- i?l4l-(membrane topology)^ Ji^, ^^ta]^5l N- C- ^^o] ^^fl 

Sl-Jl, 8711 i2l ^^(loop)^ ^-11^51 Hi- til-#3£o^^_ 7 71] 2] = -aix^i^^a.^^ ¥#^1^ Puente, J., et 

al., Gene, 156:1- 9, 1995). #£^i&l- Eja] ^.^^^^ Salmonella typhi muri urn )'^]^ -ffeHfb ^^1^51^1- T^tajll Ci^l ^ 

-f, ^-11± 51 Hi- til-#2£^^ ¥#5lC^ O^i. g7l]oj s H ^ Q^^^ ^^<^] 7\7\ S.^M\0]^]^{yoX3y\^us) VP4 

Ajc i^Hjj^ ^l5i|£^(epjtope) RV1 60(22711 fil ^^1 ii^)Sl- RV 252(28711 31 ^Mii^)^ ^^^^j^^ ^?i7M4(%^ 
^: Puente, J., ef a/., (Se/7e, 156:1- 9, 1995). 

^Hl, ^ ^^^7l-#^ 4^JiL^iHl-<Hl7i 7-1)S<qp)- C(0mpC)2l N- t^t^^JfEi ^-llSiqHi- m\^s.o_^ 

^ Sal^ll ^ii^W^l ^1-Plii^^> 7^<i# ^i-^5|-s1-ir -a-^^h wm^Jsl-Tflir N- t'tli^j^Jf /^iSi^Hi- 4^vs.^^ 
^ 7^^11 ^-^V\7]9\ ol-nli^A> A]<g^ <a-^§]-s1-^ -ff^^K 7KV §1-711 ir N- ^^.^ S^^i ^-Hii^Hi- 4 

Sifl^ ^^^W^l <^Hii^> iWfe OmpC^ -fi^^ 7flit -^-^^1- 

1: 3!-^l5l-jl, C- -?-^<Hl iqefl ^aj^ ^e1-o1:E# -0-^^1-1: -g-t^l?J^^^, -§-t 

:i, jLri ^sfl^l, 5J S^e^^ ^^^^ ZLf-^^-?-Ei ^^^^ 1 ^^^'-'^l Wft^^^W. 

AS. 4-§-3^M ^tSi^^ <aifli^>-5-(PCR)^ T^^S^V^c]-. ol^7fl f^s.^ ^1= 11 00 bp 3.7121 DNA '^}7}S.^ ^ 

^7l<^^3:M T^^s^l-Jl, T7 EE^r lac HSSLEif- #e}^^l]^^l ^^'^JSM, ^fl^t ^el-^^lH placK 

SC ^ PT7KSC1: ^ISsl-^cf. ^l7l ^l^sl ^D^*v piacKSCSf pT7KSC^ lac T 7 ^^S^i^l ^l^l- 

4^£le1-i^i ^5ll«> /^liSlHi- cHJj^ c# «s^?i7l7jr:]-. o^^ei, xilSS^i £l ^E^^lH^ 

^■llSiSlHl- 4^^^^ ¥#Slol Slir 87^21 7'fl^ ^^<H1 ^^fl^l-fe 7ll«>ai, Rstl ^l^^l S^. ^^^1-^ ^^^V 

§1-J1, n ^^^1 ^<ysl-J17V SV^t:f. 

^ ^v^2l <a ^7lo^lcil tn^s^^ i^lal dl^V^ xi)saia<Hl ^t^Al^J ^gE^ojc^ 671121 5liEln](6His)^^ 
^^^^ 7/^til- ol_^-_ElVl (poly- His) ^?1(linker) ^E^^^lHf- ^-g-Sl-^-Tr^ll, '^1 t^'^^ ^E^^jc^ Cd 2+ , Cu 2+ , Zn 2 
+ , Ni 2+ Hi pb 2+ i^^oj Dill: ol^oj] ^JeflojEi (chelator)^ ^-g-^H, TflTll- ^Slr^al-Tll^T,-^ 

51^1 iv-^lcK f^tSl^i 2ISI-0I ^^sl DNA^^l^i ^1-71-^^ ^ ^7l<^^^^S 72 bp 3. 

7121 DNA -r'r?l -f, 4^*^ ^^^i^lEi pT7KSC2l PstI ^ BamHI ^Iftai Jf^Hl ^l-<?1^l7l ^^-^±B]r^ 

^y?l7l-6, 12 ^ 18711 7l|2:*i- it^iaiEi pT7KSC-H6, pT7KSC-H12 ^ pT7KSC-H18l- 

4l-7Hl7i ^1^=1 ^fl2:*i- it^iaiEi pT7KSC-H6, pT7KSC-H12, pT7KSC-H18l- ^^^^4 ^"U^-^, '^l ^^^fi 
7ll# urcf^^, ^^?i^£<y7l-, o^l# IPTG(isopropyl- /J- thiogalactoside)!- ^7>s:l-o^ 4^, tifl 

oj:<ai^ ojx^jg: ^ijs^sM ^ili 51 Hj- 4a!^i# ^3^45^,4. r>Bfl^:&^ SDS. PAGE (sodium- dodecyl sulfate p 

olyacrylamide gel electrophoresis)^ ^4, #£^14 ^^^^^ ^^H ^ili^lH]- cvaj^ c^l ^sl- ^I^e^^ 

«y?i7i- ^^ysi^i A-fls^igoii it^si^^# 5i-<y5i-"ai^. 

c-H, ^llsf- ^^^E^ pT7KSC-H6, pT7KSC-H12, pT7KSC-H18# 7l-4ir #^^34 ^^^-^^^] 

<a44 ^ Slfe^ll- 4H^(Cd 2+ ^, ^4^74 Al>;E^(atomic analysis system)^ ^j-g- 

^^^1-5^4. z]- 7llSt ^^^ajEiS ^^ifift^ ^li 34.2//mol2l Cd 2+ 

ti: ^^11: Sousa, C, eta/.. Nature BiotBchnol ., 14:1017- 1020, 1996). ^ 

^s.^^ my] ^<hi ^i^i^i-^i^n ^i-g-t ^ ^c^i^. 

^ ^^^21 4^ <a ^7.i<^i<Hl ttl-sig^ ^El-^lH ^ai^'^l a^^^s ^■USS'^'Hl ^«siir4 l.^'^'l- 

ii7l ^is\(y\ ^^^^4a!lI(Green fluorescent protein, GFP)-!: fi€ 4'aill^ ^ajgj-o:] ^o]^'^^, GFP^ 
^eflf]- Hi£5lfi-( Aequorea victoria)^]^] 2387ll2| ^pliiA}-^^ =^a^^ ot 2.7 kDa 37l# 71-^ ^ 

^(chemi luminescent) 4^111^7^ 1171121 v;\]^- ^lH(/3- sheet) i^i-sl-Jl, H 3^^ ^^71- /^l^ijEi- x^^7l 
21 ^^21- pfl-f -ff7l-§l-i:l-. ;a7l 4^111^ 3^Sifl-(chromophore)<^l Bfl^^l^ 65 ^7.] Qi^^ fj-ol ii4(wild type 
21 ^-f Ser-Thr- Gly)2l 144 3711 6f^^f^ 4VlJl, zl-zl^l #^f44 44(emission) 5^ o:|7i(ex citation) 

44^1 444i^ 4A^ci ^ 3^1-^ ^^7]- y]-^^ uv4'H14 ^^1 ^^l ^l 

4^ pT7KSC 711^4 #4^plJ^^l GFP 4^4# i^J-'a^H 44a!Ei# 47ll4Ji, ^l^^M ^^^^-S^ 
4717J 44, iPTG# ^^71-4^ tifl4sM ^5L4ji, «roi=<ai4 4^^4 ^ll#lsM 4^ m ^^^\% 

4 T^4?b 471 4^144 SDS- PAGE^ ^^--GFP ^T-^114 ol-§-4^=l ol4ii#5^(immunoblot)4 4«S?b 4 

4, #£^i5l- Els|45^4 4511 7^1^214 4^14 c^^l GFP71- ^^42]i^^ ^^^a^ic^ ^v^isjoj^^ 
4 ^H, 7^1±jt4^1 444 4^1421 %^^^] ^^^^jiLJiL 4^14^^1 s^-^l^l-^l i?14^i UV 4^1^i ^^^1^1 v:\ 
44 s^-'Jlsll ^ €4, ^-llia4<H1 4^4 GFP4 4^ 4^5| 4$i^H^, ^l^^i 7)^^54 ^4^1^ 



^4^] (derivatives of phenylisoserine), ^^£iil(captopril) ^^>^i 

(S)- olJfiiJ£€(ibuprofen), ^Sj-^^^ ?lt^^ R. Brieva etal., J. Org. Che 

m., 58:1068- 1075, 1993; L. Ghosez etal., In Chiral reactions in heterogeneous catalysis, p. 21, Plenum Pres 
s. New York; A. M. McKay, Lett Appl. Microb., 16:1- 6, 1993). Iiei4, ^1^^ ^o^-^^^ y]l^^^ ^^1 

# SJ-11S1-J1, c:'!^ c^l^sl-o^ 4^^1pl ofl^tfls 5ft#5LijLE^ ^ll^A^ o.7lA>_ 7l|^A^ -ll^Bfl^iS] 

m^lS^A. ^, ^14^ placKSC ^Hit £14^1 -{f^d4# ^i-<asM placKSC-lip# 4 

^isl-ji, c:'!^ c^i^sM ^H'fisH^op^, xj^i ^^Jti!s^^fl# ur^i^^m^i IPTG# -^/j-sM 514^1 

Bjj^o] H^v^^ ^^lia^i Hj^^i^h sf<a4. ^d7i ei^^isi- m]^] m^^ 

- sMH^^l^H^^^d 1>^Al^ 45^511-3^1 ^"-^J^l m^-^ (S)- (+)- 3- §l-^lH^AlJfEl 

sAi- cfl^ <HliBfl s ((s). (+ ). 3. hydroxybutyrate ethyl- ester)Sl- (R)- (+ )- 3- ^I-oIh^a] e a>((r). (+ ). 3. ^yd 
roxybutyric acid)!: ^^*1-J1, ^liS^<Hl ^^^^ sl^^Ml: ^>^^b ^^^^ S.^^'^d ^^1 1J 

SI ^1^*1-^ ^^i^^^ijis m^i m^^ ^1^%^ ^ ^^4. 

S*>, ^71 el^^ll- el-^l^l m- M^- 3- ^^-HI^^I- ^ ^m^^-HlBlnl. 2- ^(racemlc cis- 3- a 

cetoxy- 4- phenyl azeti din- 2- one)4 «^>^a1^ 7] ^ ^It^^ -a-7R># ^^#J1, ^^^^ 

mm ^tlrS^^i ^^^5l§H ^51*1-^4. 

c^Poi-i^i i^c^-l, ^ «s>^2l 4^^151- -a-51151 OmpCl- S^^^m S-^iS. ol^t> 51511 tMJl^<^m- ^El-ol =1: a\]^S. 
^^1 «^^?iAl2l ^ 9lTr ^fl^f- «^^?iaiEiir 51211 tV«J1^^14 ^E^^1IL# 7lif# o.;,^ A] j^l J=, a 

^ajEi ^oil4, GFP# «^^SAl-i] <y,i^ pT7KSC-GFP# tfl^v^ BL21(DE3)-11 Si^JSM m^mm 
^1-5 BL21(DE3)/pT7KSC- GFP(Escherichia coll BL21 (DE3)/pT 7KSC- GFP)'iil ^£!^gsl3'-, ^Ht 2000\^ lit 30 
oJ4^ ^^]7]n7]^<d A3^^s}.cg.:^_g(KR|BB) -a-^4^«J(KCTC, m^A^ ^1^1 ■^ ^l^l fV^' 7 71 

'KCTC- 0897BP'^ 7l 4^1 'S^^-^-l, el4^11- t^^l^J ^ placKSC- lip# cll;^-^ MC4100i S-^SM 
^IS^ '^' YlVls^^lHf 'ull ^jv/ MC4100/placKSC-lip(Escherichia coll MC4100/placKSC- llp)'e} ^^§1-J1, ^11: 20 
00^ 11 ?! 309!4:-l "o ^ ^1 4^1 ^^4^*1^1 7]^^^ 'KCTC- 0898BP'S 7m§l-^4. 

^l^K ^d^\m ^-o'M ^ Jicf A^^si-j74 *V4. o)^ ^Ajo^ii^ iLj^xi ^ H^v^^ ^4 ^^fla]^^ 

^ft ^iL3L, ^ ^^^2] <L^]o\] 44 ^ ^^^'gsl «li?l7f o)^ AjAjc^ioii o^gfl ^i*>s]4 #^4^ ^<a^Hl 

4 ^'i^ 71-Al 4cfl7ll oio^^i ^'^t ^^14. ^Sl, ^ t^Sj ^m^^] placKSCil- pT7KSC^ Sl^ 

^4 471 ^jAio,icii4 7l4,4j7 oii^ si^E^ci ^ GFP ^'it '^"Wel-, ^lell t^Jj^^lM- m^] 

H51 444# ^L'a^c^ 1151 ^^^o\] ol-g-^ ^ ^4. ^flst ^^^ai^i placKSCSl- pT7KSC<Hl -0-^471- 

^^"U^ Aiisf- «^^?i«!!Ei sLft ^ w^^^s] ifi^ofl ^t>4Ji i'='l-'='> 1: ^^14. 

^j4^1 1 : AflSt «^^^ai4 placKSC 51 ^12: 

lac ^Hl^-l ^li 514 4^1 4# 44^17171 lac iiJ^SEi^ 44 ^112:4 #4^4 H pJHIacKl: ^1 

^S£45l- lac ^S£41- i4 31^4^^ ^^^44 4tv lad -{^441: =^^4^4. ^, 7ll^t #4i^l 
H pUC19^ lac ^^.£451- lad -0-441: 71-4J1 ^4(%^S: Yanisch- Perron C. etal., Gene, 33103-119, 1985) 
. 4 pUCi9 #4^4H1: ^^^^ 4-g-4Ji, 444 ^4441: 4-§-44 ^ta^i 4^114^(^4^ 4^^ 94°c 5 
^, 4^^ 94 °C 45i, iiL4 50°C 50i, 44 72°C 1^10^, 30^1 44)# ^^34^4. 

primerl 5'- GGAATTCCATATGTGTTTCCTGTGTGAAATTGTT- 3'(4'i4s 1) 
primer2 5'- T GCT CACAT GT T CT T T CCT G- 3'(4 44i 2) 

^\7\5L^ 4 44'S¥'?li^^ 44 ^4a4i 4ifl4^ 4tj^5L ^44 44<^14 4 347bp 3451 DNA ^d^A^ 4^1 
4ji, Ail4a:i /l/c/e 14/^/7 1 lli^J£ 444^ 4. 4#, pET3a#4^4H# Ndel4/l/7lllj£ 444^^ =^44 2438 
bp5l DNA 444 44471 4 2765bp 4^151 7)12:4 §4^41^ pJHIac4 ^44Si4(4Jl: Conner G. E. and Ud 
ey J. A, DNA Cell Biol., 9(1): 1- 9, 1990). '^]'^, pJHIac tr4^4H4 A]% S.± Dra\^ £co/?\SLS. 444J1, 71- 
44^14 44A1-4 4444 ^, 4alHJ£ieflolA^(eiectroporation) 4^4J£ 44? XL1-Blue4 ^"U^l^i ^4 
4444 44, 71-44^1 4 (I0;«g/l.)ol -^71-4 LB ^^4^114-114 444ji, ^1^4^^ 4 2568bp 4^14 71-4 pJKiac 
K 711^4 #4^^1^^4 =^4444. ^H, 444 71-4444 44a1-4 #4^^1^^ pACYCi774 ^^4J£ 4ji, 4 
4 i^4^H4 444^i ^tS.± 4ill44(44^fl 44 94°c 54, ^4^11 44 94°c 45^, iii4 51 °c 50^, 44 7 
2°c 50^, 304 44)4 4«S4ji, 47l-J££^ 4 44'^^'?1<^1 514^^ 44 ^44:i 4^1144 4^4J£ 4^4 DNA 
444^4^^i 4^14 4 930bp 3.7151 DNA 44^14(4^: Chang A. C. Y. and Cohen S. N, J. Bacteriol., 134:11 
41- 1156, 1978). 

primer3 5'- GCGGT ACCT TT AAAGCCACGT T GT GT CT CAAA- 3'(Ai 44s 3) 



primer4 5'- CGAATT CTT AGAAAAACT CAT CGAGCA- 3'H<iwlS 4) 

^^sL-m ^^^^^2] m^m c(ompc) -a-^^m ^s-^-y] ^^m, ^s.-m ^^^^^ '^^^^ d 

NA# Sl-Jl, §1-71 i2] ii5l-oH# Al-^§M ^1.1-^41 'SifltiJ^CaJ'S^ 94 °C 7^, 94 °C 1^?-, 

a^i- 44 °C 2C 72°C 3C 33^1 «>4)# ^^^S^S^. 

primers 5'- GGAAT T CCAT AT GAAAGT T AAAGT ACT G- 3'(Ai <iwis 5) 

primers 5'- CCGGGAT CCT T AT T AGAACT G GTAAACCAG- 3'H<iwis 6) 

'^MS.E^ € ^7l<^#«li^j£ ^71 ^tlL± '^Am^ ^^"USL^ ^^t> li^cflA^ ?^MlOObp £i7li2l DNA « 
elSl-Jl, ^l*>a:i Ndel4 BamHli^J£ ^m, lac ii5LSBi# i«i-Sl-ir #51-^^1^^ pHJIacK# ms.± 

Ndel4 BamHli^J£ lit^SM DNA It^^ ^11^1 5^ ^fl^sj- ^^^r.]^^ ^^^-JL, 

XLI-Blue^l ^^i^!&^l7j 4^, ^W4^1 O;^ g/1.)ol -^7^ LB -J^tifl^HjA^ ^^Sfjl, 

olJ£Jf Ei placKSC 7ll^t sg^^p^r.^ -5^g^<g4(tS: 5L 1). 
^j^Hl 2 : 7ll^t «^^?iaiEi pT7KSCi5l ^1^ 

T7 4HlAi /^1± 51 Hi- t>ai^# «^^?i.Al?l7l ii^lSM, T7 ii5LSEi# ^ll^t pT7KSC# ^1 

^Sl-<a4. ^, ^5L^^i^l 4^*T7 iiJ£SEi# itf-5>ir #H}^PlJ^ pET3a# ^1*> SL± EcoR\^ Dra\^^ %^A^ 

^ 3.2 kbp DNA ^A^^ ^^^JL. A^^A'A ?W4^1^ ^^AA% ^J^Hl 14 ¥11* 

7J ^, IJajEj^^teflc^l^ i^,>«l# x^^^^ XL1-Blue-ll §M ^^A^^^\=^A. ^^A^^^ 44 

4^14(1 0/.g/l.)^l -^71-4 LB ^J4B114<^14 4'i4<aJi, ^\^^^ pT7K 7l)^t Sh^^p, t.^ >.^^^> y^y^ ^ 
^4 7fl^t #4:^^1H^1 4st4 44^4^ ^-fli 44 4^1^ cl- 4*^4^4. 

^, 44^1 1^14 4^14 44^4* ^1^44 4^14 DNA 444 A^^A #4^4^ pT7K -^-441: ¥ 
71-44 ^143:41 Ndel4 BamHl^^ 444 4^, 4444 Ji 4a|H^iefl44 4-§-44 ^45 XL 
i-Biue<Hl £<a44 ^44*4^4. ^44*4 44444(i0A^g/L)4 471-4 LB ^4«114<H14 444^ 
Jl, c^l^^4 pT7KSC 711S4 #4^4H1- ^^4<a4(4s: £ 2). 
44^1 3 : 711^4 4444 pT7KSC-H6, pT7KSC-H12, pT7KSC-H184 

4iS4i 4444 444^^ #4- 4^Eini(po|y. His) 444H1- A>-g-§i-^^cii, i/fl^l ^?l(iinker) 
(set)fe 671121 4i44iLi£ ^^<^5^H 4-^-^, ^14 ^1.^4^1 ^144, 44^1 ^4^Hl-4-g-44 ^^A^^ 

4^114^(44^11 44 94(' 54, -\^-44 4^' 94(; 30:^:, ^'^4 56 C 30i, 44 72C 30S, 104 44), 24^ f^t 

ail 4^114^(44 941- 30ai, a 4 68C 30_%, 4 4 72 c 30i, 204 44)4 ^«3444. 

primer7 5'- GAT AGAT AT CCT GCAGGT CGACCCAAGCGGACAT CACCAT CAT CACCAT - 3'(4 44 ^ 7) 

primers 5'- CCGGGAT CCTT ATT ACT CGAGACCAGAAT GGT GAT GAT GGT GAT G- 3'(444^ 8) 

471-^^ 4 44'^^'^^s 471 f^4-5^:-t 4444 4-^^^ ^^4 4444 4 72bp £i42l DNA 44# ^el 

4^^4, 44 4^14 #5^- sl^Ein] ^yuioiH 444^1 5'- 44^1^ Pstl4 Sail A\%^± 4^14 $7il4p^, 3'- 4 

44 ^ X hoi 4 B amH I ^1 %1L±. 4^1 4 ^ 44. 

44 ^44 DNA ?!44 Pstl4 BamHl 44ais 444^1, 41- 444 244 ^12:4 pT7KSC 711^4 44^Ei 
4 4114 4, '?!>''l-i = :ii5l|oi^ «j-«l# ol-g-4«i 444 XLi-Biue4 5L<?^4'^i ^444^144. ^4444 
4 74H'|^Ki(50//g/i.)ol ^^71-51 LB -J44444 4444J1, pT7KSC-Hi ^ll2:4 44a!Eil-^^4 

44. 47| 7fl^4 44a!Eiir e/H^l si^EiciiLJiL 4^.^4 Sel-4^44 44^^1^171121 4HJ£ 444 ^^AA% 
S444. 

§5^-4^44 44^4^ 2/1121 4H5L 444 447^4 i£444 ^112:4 44a!Ei pT7KSC-H24 ^1^44 
^5114, 44 ^43l4i 44444 f-4 444 #4- 4^44 44'^1^ 447>4 Sail4 Xholi^J£ 444 

Ji, PT7KSC-H1 711^*1- 44a!Eicii ^AW^A ^, 4a!H^ieflo)A^ wj-hj^ '^144'^ 444XL1-Biue4 £'^4'^ 
^4444^4. ^4444 4^4 7l-4444(50A/g/L)4 47m lb 44h114^14 444$iJ^, ^1^4Ei pT7KS 
c- H2 711S4 44441: ^^4^4. 44 ^11^4 44^14^ 67fl4 4^44^^ ^44 #el- 4^44 ^J4^1H 
27114 ^44 4441- ^4-44. 

4-44 4^ 44 44 #4- 4^44 ^44^ 67i 127II i87ll# ^4-4^ 4441: 71-4 ^11^4 44^ 

4 pT7KSC-H6, pT7KSC-H12^fe pT7KSC-H18# 7]lSsl-^rl-(%T-S: £3) 
44<^1 4 : pT7KSC-H18-g-4 4«J]44 44 

44<^1 344 71144 ^11^4 4444 pT7KSC-Hi8S ^4444 ^45 BL2i(DE3)<H14 a4 4«J144 444 
444^14 ^\1L 44 444 C4 444 SDS- PAGE 444 4444 44444 4, QmpC- (6His)n 4 

t tHJi^2i ^^5L# ^Ai-§i-7l i^4^ 711^*1- 44444 LB 44 44 50mL4 44 250mL 44 44^34 
^^#4J1, IPTG(isopropyl- /3- thiogalactoside)4 ^^/^M 444 444 45^444 30°C44 44444. ^H, 
4471- 44 45Lir 4445L7ilj£ eoonm 4444 4^^4 4445L(0.d.)4 0.64 4 0.01 mM^l iptg4 -^71-4^^ 
=^13444. 

44 444 ^, 44<ai 3mL44 444^^ 44 4«Ji44 ^1-44 44 4^i^^ 4S1444: 44<ai 3mL 
4 4°C44 6000rpmi^j£ 54^4 444^1 4 ^, ^444 444^^ ImL Na 2 HPO 4 (pH 7.2) 4^4<aii^^ 4 
4 ^^ia]4 44, 44 4°C44 6000rpmi^J£ 54 ¥4 444514J1, Na 2 HPO 4 (pH 7.2) 4^4<ai 0.5mL4 44 
444. ^H, 444 4<ai4 ^44 4 ^Ksoni cation) 44 44"ai 4^21 a4 ^^1±4 444ji, 4^44 I2000rpm 
24^4 444514^^ ^lli 44(debris)ol ^144 4#44 44444. 44 4#<aj^ Aj^cflA^ I2000rpmi^ 
^ 304^4 444514 ^, 0.5mL 444^44( 0.5%(w/v) sarcosyl, lOmM Na 2 HPO 4 , pH 7.2)4 444^^ 
^^1±4 4^14 =1-44^4. ^11it4 444 4514 37°C<H14 304¥4 444 ^, 4°C44 i2000rpmi^J£ 30 



^#<?> ^^^elSl-o^ ^-§-41- T^^Sl-Jl, <y4?t#^'aj(10mM Na 2 HPO 4, pH 7.2)^^ 50id 

PBS(0.274M NaCI, 0.041 M Na 2 HPO 4,0.047MKH 2 PO 4 , 0.005M KCI, pH 7.4) -§-<aj^l fi^^Sj-o^ ^^li i^Hi- 
^aj^ A] 5 _g-ofl^ puenete, J.L., eta/.. Gene, 156:1- 9, 1995). ^^-^l a] 5 _g-ofl^ SDS- P 

AGE^ €4, pT7KSC-H18^ ^^^^^S. ^S-^m ^i^^"^ ^t^j^ C<^1 ^^-^ys]^ ^^liilHT-cfl 

^^1^1 5 : ^11 ^^1- aj ^ pT 7K SC- H 6, pT 7K SC- H 1 2 Stt pT 7K SC- H 1 8# 7^ ^1) ^^i" ^ 

H^) ^^l-^yliil 

^^1^1 3^1^i ^1^* ^ll^^i- ^?iajEi pT7KSC-H6, pT7KSC-H12 pT7KSC-H18# y\^]kr ^^^^^y\ A] 
iS^^l n^^^ ^^7\ ^^i'SlEi pT7KSC# 7M-b ^^ifiS^fl^l ylsM ^^1^ 

'St^I-M- ^^l-l: ^TT^l «T, pT7KSC, pT7KSC-H6, pT 7K SC- H 1 2 ZE-b pT7KSC-H18# i^T-Sl-b 

A ^Ay^mm ^^1^1 451- #11«> ^ili^ AA A''^^^ ^^?iAl7l Jl, 2Al^>ol 0.8 

5%(w/v) NaCI -§-<aj^^ 2^1 ^^l^jtb ^i^^ ^^^^'^A^ 600nm -^^^ «b ^S!-^:£(0.D.) 

y\ 5.0^1 0.85%(wA/) NaCI ^"^"^ ^^A'AA. '^\A'^ ^'il?!: ^f^^ 50ppm(0.85%(w/v) NaCI -§-<aj, pH 5. 

8) 7\A A^'^%^A^\^{C6Q,\ 2 )# ^, -g-<aj# 25'C'^lAi iiL«J:sM 24^1?>^<L> «^>^^1^4 

. ^c^i cj-A] 0.85%(w/v) NaCI ^<2!1^S. 2'S ^il^j?!: ^, i^^<Hl>H IQP/oi^N) il^Cnitric acid) 

<aj# ^5flAl^4. c\%7\ <^d\7^ Al5# ^7)-fiHl'ii?fl l:^(air- acetylene flame)4 %A 

^^^(hollow cathode lamp)!: %A ^A ^l^'?'! (atomic analysis system ; Perkin- Elmer 3100, Norwalk, 

CT, USA)# cj^^l-o^ ^£1: £ 4). (^M, AA^ 22a2nmC'l 

Jl, ^(slltwidth)^ 0.7nm ^l^c]-. £ 4<Hl^i JS-^^l, pT7KSCS. ^^ig^:^ wl^M sl^E^n] ^^7]- 

^11ia^<Hl ^mA^ 7llSt ^^^ajEi^ ^^ifi*^ T'l^Slr^ 5liB]n1 ^71- f^7l-^Hl t^el- ^AA^ 

^1^51 ^£71- ^ %%A. ^1^, 4iAi-(sousa) ^A A^%. ^ ^mA AA^A ^ 

4 a-i:^ ^ ^ Sousa, C, eta/.. Nature Biotechnol ., 14:1017- 102Q 199 

6). 

^^1^1 5 : 7flSt m nA pT7KSC-GFP5] ^ GFPA 

^^1^1 2^1^i ^1^£«> #5|-^nlc pT7KSC^l S-i 'LV'ai^S^i ^1= 27 kDa EL7m AA^ ^A^AA^^A{gre 

en fluorescent protein, GFP)# ^AA^] M]^^AA A^AA^]^] ^]A'^ pT7KSC-GFP A3i^ ^^i^ 

A%A. A. GPP AAA^ Ay] itA^^]^ pGFPuvl- ^^^s. A3., AA^ ^A""]^^ A^A'^ ^A ^ta 

± '^^A^iAA^ A"-^ 94C 5C A"-^ 94C 30i, ^A 54°C SOi, 72°C SOa, 10-5) t^sJ^I" 

JL, AA 2AS. ^AS-± AAAAiA"-^ 94C 30i£, JLA 60°C SOi, 9iA 72°C SOi, 20:5] ^«Ss1-^t:1-(^i-j7 

: Crameri. A, Nature. Biotechnol., 14:315- 319, 1996). 

primer9 5'- AACT GCAGAGT AAAGGAGAAGAACTTTT C- 3'(^m^-?- 9) 

pri merl 0 5'- CGGGAT CCT T AT T T GT AGAGCT CAT CCAT - 3' {A A A i 1 0) 

AAs.^ € ^7l<^^^# <5l-g-sM, f^^'-ai 'Sifl'^]:^ A'^^s. ^AA dna tAS'^^A^ S- AA^]^ Pstll A] 

AAy\ ^AA3., 3'- ^^tH]Tr BamHi A^A ^AAA A 700bp Eiy]9] DNA ^^^1 GFP A^A AAy\% 
^AA%A. 

A7] ^AA GFP A^A AAAA Pstl4 BamHl AAA3., pT7KSC A^A AA^^A A''^'^A AA, 

'gaiE^^efloiAi tij-Hj-^ c,]^t\o] cD^j-^ XL1-Biue^1 ^''^A^] ^AAA^]AA. ^AAAA. AAA'']A{5 
Oug/l)''] ^7>^LB =J^«ll^l<^]^i ^t^^^Jl, '^]S.A^ pT7KSC-GFP ^fl2:^^ ^fiajEi^ ^^Sl-S4(%^^: £5) 

. ^1^, ^71 ^>^«]Eii: AA^ BL21(DE3)<^1 ^"UAA ^AA^^m A^A^, A^ LB AA AA somiy} AA 2 
50mL AA ^A^^A IPTG^ AAA A5.AA. 30°CAA ^A'A^A. AA, ^^^£^1^ 

600nm AAAA A^A AAA^{o.D.)y} 0.6A A QOimMS] IPTGI: AAAA^s.A ^A'^A. A AS.S. AAA 

4A AA^S. SDS-PAGEl-^«Ssl-jl, pT 7KSC- GFP^ ^^1^5]^]- cHJj^ C 

^1 A'QAA A^-mA AS.AAA Am^^-^ A ^ $l^A. ^t>, AA SDS- PAGE € ^7l<3^ ^A ^ 
^A AA AAA, ^l^iilr5^:# ^«St> ^A, GFP AAAA A^A^s. AA^A AS. AAAA Am^^^ A ^ 
$X^A. 

st>, A^A GFP71- A AAA 7l^# ^ ^^1*1-71 AAA, GFpy} ASS.AA A^A 

^AAAAAuv^ ^AAA, GFpy} AAA^s. AAA^A AAS.AA. A A, A^^^^tt ^AA^AA ^^b 

L21(DE3)# UV^ 366nm5] AA^S. SiAAAAiA^^ ^ 6). £ 6^ 366nm AA^ UV AAA pT7KS 

C-GFP^l $]A ^A AAA AA^ BL2i(DE3)sl- A^AA AAAAAAA, ^ 6aA A^^AA AAA^, £ 6b^ 
A^AA AAAA. £ 6^^!^^ &^^], UV^AA A^AA AA AA AAAA A^A, A^^ AA AA AA^s. AA 
A^s., AS-SlAA AAA GFP AAA"^] A^^AA AA'^^A A A AAA- 
AAA. AA^ iLA AA A^A ^]AA^ ^^A^^s. AAA AS.iLAA AAAA AAAAAA A A AA. 
A A'^AAA GFPA AAAA A AA pT7KSC-GFPl- AA^ BL2i(DE3)<^) S.'UA''^ A^A ^AAAAA 'AA 
A BL21(DE3)/pT7KSC- GFP(Escherichia coli BL21 (DE3)/pT 7KSC- GFP)'e1- ^^Sj-Jl, A^ 2000A 1l€ 30A 

AS. AAy]AAAA A'^AAAAAiKRiBB) AAAA^^(KCTC, AAAA AAA^A AAA AA^ ±A)A AA 

AS. 'KCTC 0897BP'^ y]AAAA. 

AAA 6 : ^AAA A^^A AAAA y^^A AAAA piacKSC- iipS] A ^AAAA^ AS: 

^AAA A^^A AAAA y'i^^A AA^A^A A^AA ^AA AA A^^A^ #^^efl^jl^(Pseudomonas fi 

uorescens)i2] AAA AAAA AAA AA AAAAA. A. A'^s.A^ ^^^AA^A "^AA DNA# A^Sls. A 



Jl, §1-71 ^5l-oH# 4-§-SM, <^Ai^^J:^(^^^ 94°C 5^ ^^^fl 94°C 45^, 51^ 60°C 45^, 

72°C 1^10^, 30^1 «>4)# 
primerll 5'- ACCT GCAGAT CACGT T GT AT ACCT AT CACA- 3'H<iwis 11) 
primerl 2 5'- GCGGAT CCAAAACT CAGCACCGT AT CG- 3'(^i 1 2) 

*l-7l-^i ^ ^7l<^#»l# ol-g-SM, ^tS.± '^iiflti}^ 'i'-'tj^^ T^^ft DNA ^im^S. JfEi 1.4kbp 37li2l DN 
A 514^1 ^^7l-# ^i^sl-^cl-. ^71 5^4^1 Pst]4BamHI^^ ^^Sfjl, placKSC^l ^^-^a^l^l^i, 

711^^1- ^fi^lEi placKSC-lip# ^l^Sl-Jl, <iJalHSaefl<^)^ ^^^^ '^]^^-^ ^^^^ MC4100[ F - araD139A(a 
rgF- lac)U 169 rpsL 150(strr) relA 1 flbB5301 deoCI ptsF25 rbsR ] 4 XL 1 - Bl ue[ supE44 hsdR17 recA 1 endA 
1 gyrA46thi relA 1 lac F'[proAB+ laclq lacZ AMI 5 T n10(tet ^ 77 ] 'HI S^a^M ^.^"^^ ^.^"^^^ 

s^TT ^^7\^ LB ^j^tiH^Hi^i ^"isi^iji, lb <ai^iiwii^Hi^i wrcf^M - so 

°C ^^3L<^ Ji^Sl-S4(%^^: £ 7). 

^AHi 7 : /-HiS^^^fi^ AAA% ^\^% sHl^l 3- 5MH^^lJfft^> ill 'Hl^BflsiSi 

^^Hl S'Hl^i ^1^^ ^^ifiS^im ?KM6l^(30g/L)6l lOOmLi^ LB <ai ^fl Hfl ^1 7I- ^-^ 250 mL ^i-zl-^el-^ 

H'Hl 30°C'Hl^i S^m ^'?> w^cfs^jl, Aj-71 tir<f<5«iJl lmL# #l5>o^ 7M^M^(30g/l)ol ^71-:^ lOOmLi^l 

LB <ai^llwll^l7l- rt-^ 250mL '^^A^A^3.<^ 4^1 ^l^sfo^ 30'Ci^^i wfl^j^S^^rl-. ^^^^tII^ 600nm 4^Hl^i 
■^^^tb ^^:£7l- 0.711 ttfl 20%(w/v) IPTG# ^^HM -if ^7]- t^-ir -{f^sl-^icl-. ^t^-ffS 5^1?]: ^4 ^, eOOOrp 
rrrHl^i 7^ wfl'a^'^^ x-fl^s. ^s-sj-ji, xfln^ 0.IM ^l^M-Hf- st^-g-'^KpH 6.8)^^ A^^\'A 

3mL5l 4>7l ^tl^-g-<ajA^ A^^% lOmL ^2^-^£L<Hl i#Jl 20mg2] efx-ljDl 3. §1-o1h^a1 Jf ^a> ofl^ 
i^Bflsl: ^7l-sl-j7, 24^1^^<?> «J:-§-^1^4. ^1^, 6000rpm<Hl^i 7^ -^^V ^^^eJ^M A'A^\ 

ft ^, 71 (S)- (+ )- 3- 3^1-olH^Al-^^Ai- <^i^ <HliBfl= 8mg(^# 40%)# ^^^j-^r]-. 
[ tj'] D + 25 ° (c 1, CHCI 3); 

IR(neat) 3448, 2979, 2936, 2909, 1735, 1719 cm 1 ; 

1 H NMR(CDCI 3) (?1.23(d, y=6;j/yz, 3H, CH 3CH(0H)), 

^.26(t, J = 7.2 Hz , 3H, CH 3 CH 2 0), 2.39- 2.51 (m, 2H, CH 2 CO), 

3.15(s, OH), 4.15- 4.23(m, 3H, OCH amp; OCH 2); 

13 C NMR(CDCI 3) (J 14.19, 22.47, 42.86, 60.67, 64.27, 173.16; 

CIMS, m/z 132(M + ), 86(base). 

^J^]A 8 : 7^lsaia<Hl ej^l-^ll: ^l-g-ft ^M]^] ^% Aj^,. 3- '^'Hl^^l- 4- sll^*MBln1- 2- ^ 

^^Hl 74 ^<aft 1^1-^^^ T^^SfJl, 3mLS] Q1M ^l^i^-Hf- ?]:f'-g-<?i|(pH 6.8)<>ll M^^l ?1 4fr, 20mg^ 

el-^-ll^l wllEl-- el-^^l^l ^1:^^- 3- ^Hil^^l- 4- sIl^^l-^^lBlnl- 2- ^(racemic cis- 3- acetoxy- 4- phenylazetidin- 2 
-one)# ^7>S>J1, 24^1^> 51«^>SH t^^^l^cl-. '^t^^lSl- n^^S.T^}^'^A'^](J IC)A ^%-^ <^UmS. 

^Sf-:il6^7-llBllolE.aiAf=3.2:3(v:v:v)) -^t^^l 

^, eOOOrpmi^i 7^ ^<?t ^^^^el^V^i ^flit^ ^l^isj-jl, av-oa^ ^^^\^^, lOmL^l i^oMtfl'^'lHj^ 5^3 
^#S|-Ji, sl^A^ ^^^^^711: <^l-g-SH -g-pfll: Am 4^, ^^^^ H^^SneHsJll: ^It^^ 

SmgSl (- )- ^1^- 3- 4- s\]'d<'}A^'^- 2- ^((- )- cis- 3- hydroxy- 4- phenylazetidin- 2- one 

)(T^-i: 40%)4 6mgSl (- )- ^]^- 3- *H1^^1- 4- sll^*HlBln1- 2- ^((- )- cis- 3- acetoxy- 4- phenylazetidin- 2- on 
e)(=1--i: 30%)^ ^l-^sl-^cl-. 
(- )- Aji- 3- sH:E^^1- 4- sIl^'^'HlBlnl- 2- ^ 
[c] D-130 °(c0.5, CH 3 OH); 

1 H NIVIR (CDCi gamp; DIVISO-d g) <J3.60(s, 1 H, OH), 
4.95(d, J = 4.7 Hz, 1 H, C3 H), 5.88(d, J = 4.7 Hz , 1 H, C4H), 
6.22(s, 1 H, NH), 7.27- 7.40(m, 5 H, ArH); 

13 c NIVIR(CDCI 3 amp; DIVISO-d g) <5 58.6, 79.1, 127.6, 128.1, 137.1, 170.5; 
CIMS, m/z 163(M + ), 91 (base). 

(- )- ^li- 3- c-M^^l- 4- ^l^'^HlBlnl- 2- ^ 

\a\ D - 30 ° (c1, CHCI 3 ); IR (KBr) 3200, 1750, 1720 cm -1 ; 

1 H NMR(CDCI 3 ) <J 1.68(s, 3 H, CH 3 CO), 5.05(d, 7 = 45//z , 1 H, C3 H), 

5.88(dd, J = 2.6 amp; 45 Hz , 1 H, C4 H), 6.25(s, 1 H, NH), 

7.29- 7.39(m, 5 H, Ar); 

13 C NMR(CDCI 3) <J19.7, 57.9, 78.3, 127.5, 127.7, 128.2, 128.5, 134.7, 
165.6((/3- lactam CO), 1 69.0(acetoxy CO); 
CIMS, m/z 205(M + ), 106(base). 

^aH1 9 : /-llSSia ^t^^ AAA% AA^\ AA^\ ^1^- 3- '^'Hl^^l- 4- ^l^'^'MElcl- 2- 

^ll±a^^?i 5l4^1^^i A^^^ XL1- Blue'Hl sl^^ll- ^l-g-ft ^-i: ^li^Sl-JLir, ^^1<^1 84 ^""A 

% «ol-^# 4-§-Sl-^i 7lli:^^ tillEl-- Bl-Ei-, 7mgi2l (- )- ^1^- 3- ©l-'^l^^^l- 4- A^^\AA'^- 2- ^(t^-I: 35%)4 6mgS] 
(. ). Al^. 3- 4- sim^^MHln]. 2- ^(^-i: 30%)-!: 



(. ). Ai^. 3- 4- 2- ^ 

[a] D - 128 ° (c 0.5, CH 3 OH); 

1 H NMR(CDCI gamp; DMSO-d q) <J3.60(s, 1 H, OH), 
4.95(d, J= 4.7Hz, 1 H, 03 H), 5.88(6, J = 4. 7 Hz , 1 H, C4H), 
6.22(s, 1 H, NH), 7.27- 7.40(m, 5 H, ArH); 

13 0 NMR(ODOI 3 amp; DMSO- d q) (J 58.6, 79.1, 127.6, 128.1, 137.1, 170.5; 
CIMS, m/z 163(M + ), 91 (base). 

(. ). 3- '^'Hl^^l- 4- sH^d^HlE^nl- 2- ^ 

[a] D - 28 ° (c 1, CHOI 3 ); 

IR (KBr) 3200, 1750, 1720 cm -1 ; 

1 H NMR(CDCI 3) <J 1.68(s, 3H, CH 3 CO), 5.05(d, 7 = 45//z , 1 H, C3 H), 
5.88(dd, J = 2.6 amp; 45 Hz , 1 H, C4 H), 6.25(s, 1 H, NH), 
7.29- 7.39(m, 5 H, Ar); 

13 0 N MR (CDCI 3) <J19.7, 57.9, 78.3, 127.5, 127.7, 128.a 128.5, 134.7, 
1 65. 6((/3- lactam CO), 1 69.0(acetoxy CO); 
CIMS, m/z 205(M + ), 106(base). 

^li, ^ ^^A]% ^m^m ^ Sl^ placKSC- lip# MC4100<H1 £<asM A\^^ %^^^^m ' 

MC4100/placKSC-lip(Escherichia coli MC4100/placKSC- lip)'el- ^^s^j-jl, 2000^ 111 30<a^l-S. 
^^171^71^ ^1 ^S^g^tl-^^^CKRIBB) -a-^^l-^sS(KCTC, ^^^^^ ^^^=^ i^fl)<Hl 7]^^^. 

'KCTC- 0898BP'S. 7]^^%t\, 



^ Salmonlla typhi murl urn Si\^ C^ ^^AA, ^lA 4^^^ 

^^S. A^i\^ tHJj^^^H- ^e1-o1:E1: >HliSia<Hl 3:#2)^S ^^^iAl^l - <v),i^ V!-?l"']cl, ^7] ^>^«3) 

'?Ji.i;r 21 .'ll n-?i_4i 44 ^3 v::--r^l '^IH-, 7ll.^t ^J«J|^, -^ei ^e1-^1H4 ^^^fl^^l ^Jt, ^1^^ sj]^ ^^e] 

^^i-'^ -r 9iir 4^112^ ^4^1l<>ll 4-§-4Tr JLri ^-flia^^l 4^J4-^S ^^444 ^1^2]^^ ^pfl 

(57) ^^S^^^ 

4-^1 

2. 

4^1 

4^1 

^^1^214 4^]^ C(0mpC)4 N- '^iS^^-f-H-i 7'^!^ ^^<H1 4^Tr 44ii4 4<a# <a-^5l-4Tr -8-44, lac 

4, 4444^ S 44^1 -0-^^1-1: i^^-sl-ji, £ 7^ 4-4-1^^^1^ 44^14 4^^^ piacKSC- ii 

4-^1 

4M1 

7. 

^1 411-4 ^4aj4 placKSC- Ilp7l- i:fl4-5 MC4100<H1 :£<a5]4 ^H"^?!:^ ^^^"3: MC41 00/placK SO- lip( Escheri 
chia coli MC4100/placKSC- lip)(KCT C- 0898BP). 

4^1 

^1 7^1-4 444^^ T^4S MC4100/placKSC-llp(KCTC-0898BP)-i: «ro1^S>Jl, 44 ^^^1-54 S4<^1 4 

AAm T^44^ ^Wtt ^11±a4 ^« 4^1-^14 ^l^^oi-'?^. 



^1 7^}^ ^^^^^ MC4100/placKSC-lip(KCTC-0898BP)-i: ^l^sM, e]-/-l|p) ^J^Bfls sj-^^^ ^Sj-^ 

^1 mHi 




Poiy-His 6.12,18 set 





<110> Korean Advanced Institute of Science and Technology <120> Gene for Cell-surface Expression < 
160> 12 <170> Kopatentln 1.6 <210> 1 <211> 34 <212> DNA <213> Artificial Sequence <220 
> <223> primer 1 <400> 1 ggaattccat atgtgtttcc tgtgtgaaat tgtt 

34 <210> 2 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> primer2 <400> 2 tg 
ctcacatg ttctttcctg 20 <210> 3 <211> 32 <212> 

DNA <213> Artificial Sequence <220> <223> primer3 <400> 3 gcggtacctt taaagccacg ttgtgtctca a 



a 32 <210> 4 <211> 27 <212> DNA <213> Artificial Seque 

nee <220> <223> primer 4 <400> 4 egaattetta gaaaaactea tegagea 

27 <210> 5 <211> 28 <212> DNA <213> Artificial Sequence <220> <223> primerS <400> 
5 ggaattccat atgaaagtta aagtactg 28 <210> 6 <211> 3 

0 <212> DNA <213> Artificial Sequence <220> <223> primer6 <400> 6 ccgggatcct tattagaact ggta 
aaccag 30 <210> 7 <211> 49 <212> DNA <213> Artifici 

al Sequence <220> <223> primer7 <400> 7 gatagatatc ctgcaggtcg acccaagcgg acatcaccat catcaccat 

49 <210> 8 <211> 45 <212> DNA <213> Artificial Sequence <220> <223> prime 
rS <400> 8 ccgggatcct tattactcga gaccagaatg gtgatgatgg tgatg 45 <210> 9 <2 

11> 29 <212> DNA <213> Artificial Sequence <220> <223> primer9 <400> 9 aactgcagag taaagga 
gaa gaacttttc 29 <210> 10 <211> 29 <212> DNA <213> 

Artificial Sequence <220> <223> primerlO <400> 10 cgggatcctt atttgtagag ctcatccat 

29 <210> 11 <211> 30 <212> DNA <213> Artificial Sequence <220> <2 
23> primer 11 <400> 11 acctgcagat cacgttgtat acctatcaca 30 
<210> 12 <211> 27 <212> DNA <213> Artificial Sequence <220> <223> primerl2 <400> 12 g 
cggatccaa aactcagcac cgtatcg 27 



